Nowadays, biomass has been employed to prepare biosorbents for heavy metals uptake; however, further disposal of polluted material has limited its application. In this work, nickel and lead removal was performed using yam peels and the resulting polluted biomass was mixed with concrete to produce bricks. e biomass was characterized by FT-IR analysis for testing functional groups diversification before and after adsorption process. e effect of adsorbent dosage, temperature, and initial solution concentration was evaluated to select suitable values of these parameters. Adsorption results were adjusted to kinetic and isotherm models to determine adsorption mechanism. Desorption experiments were also performed to determine the appropriate desorbing agent as well as its concentration. Immobilization technique of cement-based solidification/stabilization was applied and the polluted biomass was incorporated to concrete bricks at 5 and 10%. Mechanical resistance and leaching tests were carried out to analyze the suitability of heavy metals immobilization. e suitable values for dosage, temperature, and initial solution concentration were 0.5 g/L, 40°C and 100 ppm, respectively. e kinetic model that best fitted experimental results was pseudosecond order indicating a dominant physicochemical interaction between the two phases. e highest desorption yields were found in 52.47 and 74.84% for nickel and lead ions. e concrete bricks exhibited compression resistance above 5 MPa and all the leachate reported concentrations below the environmental limit. ese results suggested that nickel and lead immobilization using concrete bricks is a good alternative to meet disposal problems of contaminated biomass.
Introduction
e water sources have been deteriorated in the last decades because of the anthropogenic activities discharging pollutants into the environment. Toxic heavy metals such as nickel and lead are one of the most perilous pollutants due to their toxicity and persistence [1] . ese contaminants have become focus of attention due to their acute and chronic effects on plants and animals [2] . Nickel ions in groundwater can be attributed to mining, smelting, metal plating, or metal recycling facilities [3] . Lead is found in activities involving smelting, combustion of leaded gasoline, and fertilizers [4] .
e effects of these pollutants on public health and environment have motivated the development of new environment friendly [5] .
Adsorption process appears to be a good alternative for water treatment due to its several advantages as convenience, ease operation, and simplicity [6] . Several materials provided by agricultural industry have been tested as biosorbents because of their cost-effectiveness and availability [7] . Some of these are wastes from fruit and vegetable processing industries (pineapple, citrus, banana, and mango peels) or root tubers as yam and cassava peels [8] . However, the disposal of polluted biomass after sorption-desorption cycles seems to be a limitation for adsorption application. To face this problem, immobilization is an effective alternative to reduce the potential migration of heavy metals by changing the physical and chemical properties of the wastes [9] . One of the immobilization methods is the cement-based solidification/stabilization [10] . In this work, adsorption of nickel and lead was studied using yam peels biomass and cement-based immobilization method was implemented for polluted biomass disposal.
Materials and Methods

Biosorbent Preparation.
e yam peels were collected from local markets and washed with water to remove surface adhered particles that can affect adsorption process.
is biomass was dried and grounded to achieve particle size of 1 mm [11] . e resulting material was characterized by Fourier-Transform Infrared Spectroscopy (FT-IR) in order to determine main functional groups on biomass surface.
Adsorption
Tests. Stock solutions of nickel and lead were prepared by adding 1.598 g and 4.479 g of Pb (NO 3 ) 2 and Ni (NO 3 ) 2 , respectively, into 1000 mL of deionized water. e optimum solution pH to conduct the experiments was selected by analyzing the effect of pH variations (2, 4, and 6) on removal yield. Stirring speed is a key parameter in adsorption process; however, previous work of authors suggested a value of 200 rpm [12] . e operating conditions for further adsorption tests were selected for nickel and the results were also considered for lead. e effect of adsorbent dosage was evaluated by varying this parameter between 0.1 and 1 g/L.
e initial solution concentration as well as temperature was varied to determine its suitable values.
e adsorption experiments were performed in a batch reactor, and the remaining heavy metal concentration was calculated using an atomic absorption spectrophotometer [13] .
Adsorption Isotherm and Kinetics.
e experimental data are adjusted to the following kinetic models: pseudofirst order, pseudo-second order, intraparticle diffusion, and Elovich. Regarding isotherms, the selected models were Langmuir and Freundlich. e sum of square represents the judge-parameter to find out if the model fits well the data.
e aim of fitting these equations is to obtain additional information about the fundamental interactions between the metal ions and the biosorbent as charged surface [14] . Tables 1 and 2 shows the governing equations employed to determine both kinetic and isotherm parameters.
Sorption-Desorption Cycles.
After adsorption process, the biomass was filtered and weighted. Two types of desorbing agents (hydrochloric and nitric acids) were used in order to select which of them allows to obtain the highest desorption yield. ese tests were performed in batch mode at 25°C and 180 rpm during 3 hours. Desorption yield was calculated using an atomic absorption spectrophotometer.
en, biomass was regenerated using 1 M calcium chloride under a temperature of 4°C.
e biosorbent was filtered, dried, and used for the second adsorption cycle as reported by Mata et al. [15] e desorbing agent concentration was also evaluated by varying this parameter in 0.1, 0.5, and 1 M.
Polluted Biomass Immobilization.
e biomass immobilization requires the preparation of a concrete matrix, which is based on 18.1% of cement, 30.6% of sands, 43.2% of grit, and 8.1% of water [16] . is matrix was modified by adding polluted biomass (5 and 10%). e resulting material was used to produce bricks of 5 cm × 5 cm × 5 cm after hardening them for 28 days.
Mechanical Resistance Testing.
e compression resistance of the concrete was tested after biomass immobilization using a digital universal testing machine TINIUS OLSEN, which provides an axial force to concrete bricks until failure.
Leaching Tests.
ese tests were based on the methodology described by Ukwatta and Mohajerani [17] . A sample of the solid was collected and mixed with water for 5 minutes. e pH was adjusted by adding 1 M HCl solution.
e mixture was heated at 50°C for 10 minutes and cooled to measure the pH confirming it was below 5. Figure 1 , the yam peels biomass exhibited an absorption band around 3005 and 1050 cm −1 attributed to hydroxyl stretching vibrations. e peaks at 3400 and 1450 cm −1 correspond to carboxylic acid group. e stretching vibrations of C-H group in alkenes were identified at 2920 cm −1
Results and Discussion
Biomass Characterization. As shown in
. HerreraBarros et al. [18] pointed out that the peak at 1732 cm −1 is assigned to C�O carbonyl group. After nickel and lead uptake, it was observed relevant variations in biosorbent spectrum, especially in the adsorption bands intensity. e peak at 3400 cm −1 moved towards 3300 cm −1 because of the stretching of hydroxyl group. e spectrum of YP-Pb(II) showed a disappearance of the peak corresponding to the carboxylic acids at 2360 cm . For YP-Ni(II) spectrum, it was identified the presence of C�C functional group around 1400 cm −1 , which confirms the interaction of hydroxyl and carboxyl groups during adsorption process of nickel and lead onto yam peels biomass.
Adsorption Batch Experiments
Effect of Solution pH.
e solution pH substantially affects the mechanism of metals uptake and should be considered during any adsorption study [7] . Figure 2 depicts the effect of solution pH on the adsorption performance of yam peels. e acid conditions reduce the removal yields attributed to ionic charge of the heavy metal ions solution.
e adsorption of both metals were favored at elevated pH because of the deprotonation of functional groups that serve as binding sites; therefore, nickel and lead ions can access easily to these sites [19] .
e removal yields results were higher for lead than those for nickel ions, which could be assigned to a higher electrostatic attraction between the negative charge on the biomass and these positive metal cations. Figure 3 shows the inuence of biosorbent dosage on adsorption process using yam peels for nickel uptake. It was found that the highest adsorption capacity (6.14 mg/g) was achieved using a dosage of 0.5 g/L. e adsorption capacity increased with further Table 2 : Parameters of isotherm models.
E ect of Biosorbent Dosage.
Isotherm Equation Parameters
Freundlich increases in the biosorbent amount [20] . However, it starts to decrease because of the formation of biomass agglomerates [21] . In addition, stearic, conformational, or other defenses may be present a ecting the heavy metal uptake [22] . Table 3 summarizes the adsorption results by varying temperature and initial solution concentration for nickel uptake onto yam peels biomass. It was found that the highest adsorption capacity was achieved at 33.78°C and 200 ppm. However, the suitable conditions for further experiments were 40°C and 100 ppm because of the similar results using less pollutants amount.
E ect of Temperature and Solution Concentration.
Continuous Adsorption Experiments.
Continuous adsorption experiments were conducted in order to analyze the e ect of adsorption cycles on adsorption capacity. Figure 4 shows a gradual reduction on adsorption capacity as increases the number of cycles. For nickel uptake, it was found a slight variation in adsorption capacity for the three cycles. Lead reported signi cant changes in this variable. In the rst two cycles, higher amount of lead was adsorbed in comparison to nickel; however, the adsorption capacity decreased below nickel results in the third cycle. e differences between both heavy metals uptake informs about a higher adsorption onto yam peels biomass surface attributed to the higher electrons valence number or ionic radius of lead [23] . e ionic radius of lead and nickel are 1.2 and 0.78, respectively, which con rms the results shown in this work.
Adsorption Kinetics and Isotherms.
Adsorption experiments were also carried out to determine parameter values of the selected kinetic models (pseudo-rst order, pseudosecond order, Elovich, and intraparticle di usion). e sum of square (SS) provides information about the welltting of the model, so the minimum SS was identi ed for YP-Ni(II) and YP-Pb(II). Table 4 lists the kinetic parameters for both metal ions uptake onto yam peels. e minimum SS was reached by the second-order model indicating that the removal from a solution is due to the physicochemical interactions between the two phases (liquid-solid) limited by the chemisorption occurring on the surface. e importance of performing a kinetic modeling leads to estimate the adsorption rates as well as identify possible reaction mechanism [24] . e isotherm model parameters are summarized in Table 5, reporting that the minimum sum of square was reached by Freundlich model for nickel ions and Langmuir model for lead ions; however, the di erence between both models for lead ions could be negligible. e fact that nickel ions uptake onto yam peels obeys Freundlich model indicated a biosorbent heterogeneous surface, multilayer formation and non-uniform distribution of heat of adsorption over the surface [25] . On the other hand, Langmuir model is focused on homogenous surface and adsorption process takes place on speci c sites that are available just for one molecule of sorbate [26] . is model o ers accurate analysis of chemisorption process during heavy metal uptake [27] . e desorbing agent plays an important role in desorption process; hence, nitric and hydrochloric acids were employed for performing desorption experiments. Results revealed that nitric acid exhibited the highest desorption yield (52.47%) for nickel ions. For lead ions, the best result (74.84%) was achieved using hydrochloric acid as shown in Figure 5 . e desorption capacity of desorbing agents as both nitric and hydrochloric acids can be attributed to heavy metal ions displacement assigned to the high amount of hydrogen ion found in the acid solution [28] .
E ect of Desorbing Agent Concentration.
After selecting the desorbing agent type for each heavy metal, it was determined the suitable concentration for performing desorption cycles. Figure 6 shows the e ect of nitric acid concentration on desorption yield for nickel ions. It was found that the highest desorption yield of 52.47% was achieved using 0.1 M solution. Similar results were obtained for lead ions (0.1 M solution of hydrochloric acid) reporting a maximum desorption yield of 74.84% as shown in Figure 7 . At higher desorbing agent concentration, the biosorbent can be damaged generating a reduction in adsorption and desorption yield. Ngo et al. [29] varied acid concentration between 0.01 and 0.1 M reporting good results using 0.1 M for cadmium, copper, lead, and zinc desorption.
Desorption Cycles.
Desorption experiments were performed in four cycles by contacting yam peels biomass with the acid solution. As shown in Figure 8 , better results were obtained for Pb(II) ions in comparison to Ni(II). In the rst cycle, nickel ions reported higher yield (41.38%), which decreased signi cantly over desorption cycles. For lead, the highest desorption yield of 74.84% was also reached in the rst cycle. Many heavy metal ions cannot be recovered by desorption because of ions keep inside porous structure of adsorbent and are not easy to release [29] .
Mechanical Resistance Testing for Bricks of Yam Peels.
e mechanical compression testing of concrete bricks, which were used for immobilization technique and modi ed by adding 5 and 10% of yam, peels residual biomass after heavy metals uptake. As shown in Figure 9 , mechanical resistance of concrete and biomass contaminated with lead (5 and 10%) exhibited values above 5 MPa, which is the standard limit value. However, the biomass contaminated with nickel International Journal of Chemical Engineering 5 reported a single value above this. e highest resistance of 6.1 MPa was reached using 5% yam peel biomass polluted with lead. Similar results were reported by Akyıldız et al. [30] , who evaluated the mechanical compression of concrete bricks modi ed with medical wastes incineration ashes.
Leaching Tests for Bricks of Yam Peels.
e leaching tests were carried out using acetic acid solution and the amount of leached heavy metal ions was calculated by atomic adsorption. Table 6 summarizes the results for all leachate and are compared with the national environmental policy (Decree No. 1594/1984). For lead and nickel, the leached was limited by 0.5 and 2 ppm, respectively. As shown in Figure 10 , nickel exhibited higher leached concentration than lead; however, the leachate for both heavy metals obeyed environmental policy. e immobilization of heavy metal ions inside the concrete matrix is explained by the physical encapsulation mechanism and chemical bonds as Al-O o Si-O that are found in the concrete, which allows to obtain less leached concentration [31] . In comparison to other works, the encapsulation process in concrete matrix for immobilizing heavy metals results to be a good alternative to solve disposal problems of polluted biomass after adsorption process [30, 32] .
Conclusions
is work attempted to study the adsorption process of nickel and lead from aqueous solution using yam peels biomass as biosorbent. e yam peels spectrum exhibited the presence of hydroxyl and carboxyl groups, which enhance adsorption process. is spectrum varied signi cantly after Ni(II) and Pb(II) ions uptake con rming the retention of these pollutants onto biomass surface. Suitable conditions for performing further experiments were selected as 0.5 g/L of dosage, 40°C of temperature, and 100 ppm of initial solution concentration.
e pH of the solution presents a direct e ect on removal performance for both heavy metal ions, and pH � 6 reports the maximum adsorption yields.
e pseudo-second order and Freundlich models best fitted both adsorption kinetics and isotherm. For desorption experiments, the nitric and hydrochloric acids were selected for nickel and lead ions with desorption yields of 52.47 and 74.84%, respectively. e optimal desorbing agent concentration was found to be 0.1 M. e polluted biomass was used to prepare concrete bricks reporting compression resistance above 5 MPa. e leaching test indicated that this alternative for solving disposal obeyed environmental policy for leachate.
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